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SUMVARY

In Septenber, 1991, the National Institute for Occupational Safety anc
Heal th (NI OSH) received a confidential request for a health hazard
eval uation (HHE) from enpl oyees at the Van Kirk |ocation of Warner Cak
Conmruni cations in Cincinnati, Chio. The request concerned enpl oyee ex
to | ead, asbestos, electromagnetic radiation, and poor air quality. #
listed as a concern were psychol ogical disorders attributed to "inadec
wor ki ng conditions."

Envi ronment al measurenents nmade by NI OSH i nvestigators consi sted of:
1) personal breathing zone (PBZ) exposures to airborne |ead and tin;
2) personal and area nmeasurenents of magnetic and electric fields; 3)
measurenments of hydrogen chloride (HCl); and 4) carbon di oxi de concent
air tenperatures, and relative humdities (RHs). Two bul k sanpl es of
collected fromsurfaces inside the building were anal yzed for asbestos
Two bul k sanpl es of solder collected fromthe plant were qualitatively
anal yzed for thermal deconposition products. Informal interviews were
conducted with enployees to address the concern of psychol ogical disor

Airborne lead and tin concentrations were bel ow the nmi ni num det ectabl e
concentration (MDC) fromall sanples except one. The concentrations c
and tin in this sanple were 1 nmicrogram per cubic neter (ug/n¥) and 5
respectively. These values are well below the NIOSH and Occupationa
and Health Administration (OSHA) exposure limts. Average nagnetic ar
electric field nmeasurenents ranged fromO0.6 to 7.6 mlligauss (nQ, ar
4.8 volts per neter (V/Im, respectively. These values are well wthir
gui del i nes reconmended by the Anmerican Conference of Governnental |ndt
Hygi enists (ACG H) of 10,000 nmG and 25,000 V/mfor field frequencies c
60 hertz. HC was not detected in the air sanples. Carbon dioxide
concentrations ranged from 650 parts per nmillion (ppm) to 900 ppm wit
the American Society of Heating, Refrigerating, and Air-Conditioning
Engi neers (ASHRAE) gui delines for adequate ventilation. Air tenperatt
ranged from 74 to 79°F. The mpjority of the tenperature neasurenents
slightly above the tenperature range of 69 to 76°F recommended by ASHR
Rel ative hum dity levels ranged from 14 to 18% These values are belc
RH% range of 30 to 60% recommended by ASHRAE. Asbestos fibers were nc
detected in either of the bulk particulate sanples. Dinethylam ne anc
terpenes, which are nucous nenbrane irritants, were identified as ther
deconposi tion products of the solder. |Information obtained from enplc
interviews did not support the concern that the workplace may be caus
psychol ogi cal di sorders anong personnel
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An occupational health hazard was not identified at |[the Van
Kirk Facility. Recomendations provided in this repgort include
steps to reduce the potential for |ead exposures and provide a

nore confortable working environment for enployees iln the
repair shop

KEYWORDS: SIC 4841 (Cable and Ot her Pay Tel evision Services); |ead,

sol dering, flux, indoor air quality, stress, electromagnetic fields,
el ectronics repair, asbestos.
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| NTRODUCTI ON

I n Septenber, 1991, the National Institute for Occupati onal Safety anc
Health (NI OSH) received a confidential request for a health hazard
eval uation (HHE) from enpl oyees at the Van Kirk | ocation of Warner Cak
Communi cations in Cincinnati, Ohio. The request concerned possible ex
of repair shop personnel to |ead, electromgnetic radiation, asbestos,
poor air quality; and exposures of warehouse personnel to asbestos. /¢
listed as a concern were psychol ogi cal disorders experienced by enpl oy
result of "inadequate working conditions."

The NI OSH i nvestigation included four visits to the worksite. On

Sept enmber 25, 1991, NIOSH investigators nmet with managenment and enpl oy
representatives to discuss the HHE request and tour the facility. On
Decenmber 18, 1991, air neasurenents were nade that addressed the conce
poor air quality, and informal interviews were conducted with enpl oyee
Envi ronment al nonitoring of workers' exposures to airborne | ead and

el ectromagneti c radi ati on was perfornmed on February 5, 1992. During t
February site visit, several enployees reported that the funmes from sc
were irritating to the eyes, nose and throat. Air nmonitoring for hydr
chloride (HCI), which was |listed as a deconposition product of the sol
flux, was performed on March 4, 1992, to determne if HCl em ssions m
responsible for the irritation synptons. Two bul k sanpl es of solder v
collected at that tinme for |aboratory analysis of thermal deconpositic
pr oducts.

BACKGROUND

The Van Kirk facility occupi es approximtely 44,000 square feet (ft?

| eased space in a 192,000 ft2 building. The building is approxinmtely
45 years old. The Van Kirk facility is responsible for storing, testi
repairing converter boxes used in providing cable television to Warner
custonmers. Boxes that have failed in the field are tested and repaire
converter repair shop. The repair shop operates two shifts (0730 to 1
1600 to 0030). Shipping and receiving of the boxes is perfornmed by we
personnel who work from 0700 to 1530. At the time of the first N OSH
there were 34 repair shop enpl oyees and seven war ehouse enpl oyees.

During the repair of converter boxes, some parts were attached by solc
The sol der used was 60%tin and 40% | ead, with a rosin-based core fl ux
exhaust ventilation was not provided, though managenent reportedly ple
install a systemin the future. Each technician that sol dered was prc
with a six inch fan to dissipate funes.

Sources of magnetic and electric fields in the repair shop included te
sets and video display termnals (VDTs) that were used to test the box
There was also a mcrowave transmtter/receiver tower |ocated approxir
50 neters north the repair shop. The tower transmtted at 12.7 and

13.2 G gahertz (GHz). One of the workers' concerns regarding el ectror
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radi ati on was the orientation of workbenches in the repair shop. At t
of the request, the back of television sets and other equi pnment used t
techni ci an, faced the next closest technician. During the tinme perioc
t he Decenber and February site visits, it was changed so that the back
equi pnent faced the west wall (see Figure 1).

Asbest os-contai ning insulation was renmoved from pi pe surfaces in the v
in August, 1991. The renoval was contracted between the buil di ng owne
private consultant. Enployees were concerned that asbestos-contai ninc
particul ate had escaped contai nment during the renmoval and contam nate
surfaces in the building. Submtted with the HHE request were two par
sanpl es which enpl oyees requested NIOSH to anal yze for asbestos. The
were reported to be from 1) the return duct of the heating, ventil at
air conditioning (HVAC) system and 2) fromthe surface of a "skid" ir
war ehouse.

The HVAC system for the repair shop consisted of three single-zone, cc
air volunme, air handling units (AHUs). During the Decenber site visit
thernostats were in the tenperature-dependent node. In this node, the
operated only when the thernostat calls for heating or cooling of the
Natural gas was used for heating. Two of the AHUs were equi pped with
refrigerant cooling coils with condensation units |ocated on the roof.
air was provided to the occupied areas by externally insul ated ducts |
above the false ceiling. Air was returned to the units through grills
installed in the walls approximtely one foot fromthe floor. The HV/
did not provide for the delivery of outside air to the occupied zone.

were three doors |leading fromthe repair shop; one lead to the warehot
to facility offices, and one to the outside. W rkers reported that tt
doors were closed nost of the time. There was one window in the nortfl
t he shop that contained a small wi ndow air conditioning unit.

METHODS

Five personal breathing zone (PBZ) air sanples were collected fromtec
for elemental lead and tin using NIOSH Method 7300.' Air was drawn th
37 mllinmeter mxed cellulose filters at a flowrate of 2.0 liters per
m nute (|l pm using battery powered sanpling punps. The average sanpl €
was 840 liters. Four neasurenents of airborne HCl concentrations were
usi ng Drager short-term detector tubes. These nmeasurenents were nade
br eat hi ng zone of bench technicians while they were sol dering.

A limted number of nmeasurenents for nmagnetic and electric fields were
the converter repair shop. These nmeasurenents were not intended to re
an in-depth evaluation of the radiation fields at the site, but were
to approxi mate occupational exposure |evels found on the days of nmeastL
Detailed informati on on the type of sanples collected, the equi pnment L
the |l ocation of the sanples is included in Appendix | (a report of the
eval uati on of electromagnetic fields at the facility).
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Tenperature, relative humdity (RH), and CO, neasurenents were nmade tw
during the day at nine locations (see Figure 1). Carbon di oxide
concentrations were neasured using a Gastech Model RI-411A, portable (
meter. Tenperatures and RHs were neasured using a Vaisala HM 34 Hum c
Tenperature Meter. The ventilation systemwas visually inspected for
bi ol ogi cal contam nati on.

The two bul k sanpl es of dust submtted with the HHE request were analy
asbestos fiber content. The sanple collected fromthe return duct was
anal yzed using polarized |ight mcroscopy (PLM. The sanple collectec
t he warehouse was anal yzed by transm ssion electron m croscopy (TEM ¢t
the particle size was too fine for PLM

Two bul k sanpl es of solder were collected fromthe repair shop and ane
for products of thermal deconposition. The sanples were heated to 70C
four mnutes. The tenperature of 700°F was chosen to sinulate the app
tenperature of a soldering iron. Thermal deconposition products were
qualitatively analyzed by gas chromat ography and mass spectronmetry (&

| nformal , confidential interviews were conducted with enpl oyees on day
The enpl oyees interviewed represented all three job titles in the repe
(Converter Repair Specialist, Bench Technician |, Bench Technician I1)
Interviews al so were conducted with the two day shift supervisors and
facility manager. The focus of the interviews was the concern of
psychol ogi cal di sorders anong enpl oyees that was cited in the HHE reqt
Wor kers were asked about working conditions, workload, enployee-nmanage
rel ati ons, job denmands and expectations, and possi ble work-rel ated hee
pr obl ens.

EVALUATI ON CRI TERI A

Envi r onnent al

As a guide to the evaluation of the hazards posed by work place expost
NIl OSH field staff enploy environnental evaluation criteria for the ass
of a nunber of chenm cal and physical agents. These criteria are inter
suggest | evel s of exposure to which nost workers may be exposed up to
per day, 40 hours per week for a working lifetime w thout experiencinc
health effects. It is, however, inportant to note that not all worker
be protected from adverse health effects if their exposures are mainte
bel ow t hese |l evels. A small percentage nay experience adverse health
because of individual susceptibility, a pre-existing nmedical conditior
a hypersensitivity (allergy). |In addition, sone hazardous substances
in conmbination with other work place exposures, the general environner
with nedications or personal habits of the worker to produce health ef
even if the occupati onal exposures are controlled to the |evel set by
evaluation criterion. These conbined effects are often not consi derec
eval uation criteria. Also, sone substances are absorbed by direct cor
with the skin and nmucous nenbranes, and thus potentially increase the
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exposure. Finally, evaluation criteria may change over the years as r
information on the toxic effects of an agent becone avail abl e.

The primary sources of environnental evaluation criteria for the work
are: 1) NIOSH Criteria Docunents and Recommended Exposure Limts (REL
2) the Anerican Conference of Governnental I|ndustrial Hygienists' (ACC
Threshold Limt Values (TLVs), and 3) the U.S. Departnent of Labor (O
Perm ssi bl e Exposure Limts (PELs). The OSHA PELs may be required to
into account the feasibility of controlling exposures in various indus
where the agents are used; the NI OSH-recomended exposure limts, by c
are based primarily on concerns relating to the prevention of occupati
di sease. In evaluating the exposure |levels and the recomendati ons fc
reduci ng these levels found in this report, it should be noted that ir
is legally required to neet those |evels specified by an OSHA PEL.

A tinme-weighted average (TWA) exposure refers to the average airborne
concentration of a substance during a normal 8 to 10-hour workday. Sc
subst ances have recomended short-term exposure limts (STELS) or cei

values (C) which are intended to supplenment the TWA where there are re
toxic effects from high, short-term exposures. Short-term exposure |

defined as 15 m nute TWA exposure whi ch shoul d not be exceeded at any
during the work shift. Ceiling values are limts for instantaneous ex
whi ch shoul d not be exceeded at any tine during the work shift.

| norgani ¢ Lead:

I nhal ation (breathing) of dust and fume, and ingestion (swall ow ng
resulting from hand-to-nouth contact with | ead-contam nated food,
cigarettes, clothing, or other objects are the major routes of wor
exposure to | ead. Once absorbed, |ead accunmulates in the soft tis
and bones, with the highest accurmulation initially in the liver an
ki dneys.? Lead is stored in the bones for decades, and nmy cause t
effects as it is slowmy released over tine. Overexposure to |ead
in danmage to the kidneys, gastrointestinal tract, peripheral and c
nervous systenms, and the bl ood-form ng organs (bone marrow).

Lead- cont am nated surface dust represents a potential exposure to

t hrough i ngestion, especially by children. This may occur either

di rect hand-to-nmouth contact with the dust, or indirectly from han
nout h contact via clothing, cigarettes, or food contam nated by le
dust. Previous studies have found a significant correlation betwe
resident children's blood | ead | evels (BLL) and house dust lead le
In hones with a fam |y menber occupationally exposed to |ead, |ead
may be carried hone on clothing, skin and hair, and in vehicles.

Under the OSHA standard regul ati ng occupati onal exposure to inorga
| ead in general industry, the PEL is 50 m crograns per cubic

meter (upg/n?) as an 8-hour TWA. 4 The NIOSH REL for lead is less th
100 pg/n? as a TWA for up to 10 hours. This REL is an air concentr
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to be maintained so that worker BLL remains bel ow 60 m crograns pe
deciliter (pg/dl) of whole blood. NOSH is presently review ng
literature on the health effects of lead to re-evaluate its REL.
the goals specified in Healthy People 2000: National Health Pronp
and Di sease Prevention Objectives® is to elim nate exposures which
i n workers having BLLs greater than 25 pg/dl of whole bl ood.

Mal e BLLs are associated with increases in blood pressure, with no
apparent threshold. Studies have suggested decreased fertility in
BLLs as |low as 40 pg/dl. Prenatal exposure to |lead is associ ated
reductions in: 1) gestational age, 2) birthweight, and 3) early m
devel opnent, at prenatal maternal BLLs as low as 10 to 15 pug/dl.*®

I norganic Tin:

Overexposure to tin oxide, either as dust or fune, causes stannosi
pneunoconi osi s® for which there are no reported synptons or abnorm
findi ngs upon physical exam nation. The NI OSH REL, OSHA PEL, and

TLV for tinis 2 mlligrans per cubic neter (ng/n¥) as an 8-hour T\

El ectromagneti c Fi el ds:

For frequencies of 60 hertz (Hz), the AC@H TLVs for nmagnetic and
el ectric fields are 10,000 m |l igauss (nm5 and 25,000 volts per

meter (V/m, respectively. A discussion of the ACGH TLVs, includ
formul as used to calculate the values, are included in Appendix I.

Air Quality:

The Anmerican Society of Heating, Refrigerating, and Air-Conditioni
Engi neers (ASHRAE) defi nes acceptable indoor air quality as air th
1) contains no known contam nants at harnful concentrations, and
2) 80% or nore of the occupants do not express dissatisfaction w't
Factors affecting occupants' perception of air quality include air
tenmperature, the amount of noisture in the air, and airborne conta
| evel s.

| ndoor air tenperatures are generally controlled through a HVAC sy
Sonme HVAC systens are al so capable of controlling RH levels. The
tenmperature range recomended by ASHRAE for winter nonths is
approximately 69 to 76°F, with slight corrections made for RH | evel
The reconmended range of RHis 30 to 60% 8 The range of 30 to 60%
designed to mnimze: 1) the drying and irritation of mucous nenb
and 2) the growth of allergenic or pathogenic organisms.

a Pneunoconi osis refers to the deposition of substanti al
ampunts of particulate matter in the lungs and the reaction
of the tissue to its presence.
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Ai rborne contam nants may include dust, chem cals, and biol ogical
contam nants. Sources of airborne chem cal contam nants include
em ssions fromjob processes (e.g., soldering), cleansers and

di sinfectants, tobacco snoke, and normal body em ssions such as CO
Ai rborne bi ol ogical contam nants include fungal spores or bacill
resulting fromfungal or bacterial growth inside the building or n
outside air intakes.

Met hods used to control contam nant |evels include routine cleanin
mechani cal ventilation. Biological contam nants are generally con
by cl eaning and disinfecting surfaces to inhibit growth, and maint
RH | evel s bel ow 60% Cl eani ng of surfaces can also be effective a
reduci ng the anmount of particulate that can becone airborne.

Mechani cal ventil ation systenms generally bel ong to one of two desi
| ocal exhaust ventilation systemis designed to "capture” contamn
the | ocation where they are produced. |f designed and mai ntai ned

properly, this type of systemis effective at controlling contamn
resulting froma job process such as soldering. The principles of
exhaust ventilation are discussed in ACGH s Industrial Ventilatio
Manual of Recommended Practice.®

HVAC systens reduce contam nant |evels by providing outside air fo
dilution. |If properly designed and mai ntai ned, HVAC systens can
ef fectively control contam nant |evels of CO, odors, and other
contam nants common in occupied buildings. The system should prov
appropriate rate of outside air based on the number of occupants.
ASHRAE’ recommends outside air supply rates of 20 cubic feet per m
per person (cfm person) for office spaces and conference roons.

The nmonitoring of CO,, a normal constituent of exhaled breath, can
useful as a screening technique to eval uate whet her adequate quant
of outside air are being introduced into an occupi ed space. Indoo
concentrations are normally higher than the generally constant anb
CO, concentration (range 300-350 parts per mllion [ppm). \Wen ir
CO, concentrati ons exceed 1000 ppmin areas where the only known
source i s exhal ed breath, inadequate ventilation is suspected.

Asbest os:

Exposure to asbestos can cause asbestosis, |lung cancer, nmesothelio
ot her cancers. Asbestosis is a scarring of the lung tissue which
the ability of the lungs to transport oxygen. Mesothelioma is a
mal i gnant cancer associated with the pleura or peritoneum the tis
lining the chest and abdom nal cavities, respectively.
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Psychol ogi cal Di sorders

NI OSH r ecogni zes psychol ogi cal disorders as a | eading occupati onal hee
problem ® Scientific evidence is growing that a wi de range of worKki ng
conditions, both physical and psychosocial, pose a threat to psychol oc
wel | being.! Psychol ogically hazardous physical aspects of work inclt
exposure to neurotoxic agents and physical and ergonom c characteristi
the task and workplace. For exanple, certain nmetals and organi c conpc
(nmercury, lead, solvents, etc.) are known to cause psychol ogi cal disor
Li kewi se, psychol ogi cal problens, can be secondary to the physical dis
that arise from poor ergonom c conditions, as seen in recent research
of fice automati on. 12

Al t hough the term psychosoci al has not been succinctly defined in refe
wor ki ng conditions, in general usage it connotes the social environnmer
wor k, organi zati onal aspects of the job, and the content of the tasks

perfornmed. Unlike neurotoxic agents and ergonom c hazards, hazards ir
psychosoci al factors respect no occupati onal boundaries. Thus, the pc
for exposure to this class of health risks is ubiquitous, and a great

psychosoci al factors have been identified as potentially hazardous. 1
firmy established anong these include: (1) excessive workload or wor
(2) difficult work schedul es; (3) anbi guous and/or conflicting job dut
(4) job future ambiguity; (5) poor interpersonal relationships; (6) ne
fragnmented, invariant, and short-cycle tasks; and (7) |limted opportur
make deci sions regarding the job. 10

RESULTS

Envi ronnment al Moni tori ng

Airborne lead and tin concentrations were bel ow the m ni mum det ect abl €
concentration (MDC) for four of the five PBZ neasurenents. (The MDC f
840 liter sanple was 1 ug/n® for lead, and 2 pg/n? for tin.) The air
concentration neasured fromthe remaining sanple were 1 ug/n® for |ead
5 ug/n? for tin. These values are well bel ow the OSHA and Nl OSH expos
[imts.

The magnetic fields ranged fromO0.6 to 7.6 mG. The electric fields re
fromO0.9 to 4.8 VVm These values are well within the guidelines recc
by the ACAH A nore detailed presentation and di scussion of the rest
the magnetic and electric field measurenments is included in Appendix |

Results of the tenperature, RH, and CO, neasurenents are provided in T
Car bon di oxi de concentrations ranged from 650 to 900 ppm i ndoors. Alt
above the outside |evel of 375 ppm these indoor concentrations of CG
indicate a deficiency in the amunt of outside air being brought into
repair shop on the day of the survey. The air tenperatures indoors re
from73 to 79°F. Tenperature neasurenents nade at all but one of the
| ocati ons were above the tenperature range recomrended by ASHRAE (69 t
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Al'l RH |l evel s measured indoors (14-18% were below the range of 30-609
recommended by ASHRAE. Signs of noisture or biological growth were nc
observed in any of the three AHUs. The return plenum for each of the
AHUs was dirty, as were the condensate tray and filters for unit A |
addi tion, nost of the supply diffusers in the repair shop were also di
The condensate tray for unit C was not inspected during the HHE becaus
not accessi bl e.

Asbestos fibers were not detected in either of the bul k dust sanples s
for anal ysis.

HCl was not detected during soldering operations (the limt of detecti
the method is reported to be 1 ppm . Many volatile organi c conpounds
detected from anal ysis of the bulk solder. Conpounds identified that

mucous nenbrane irritants were di nethyl am ne and various terpenes.

Addi ti onal sources of potential chem cal exposures in the repair shop
two comrercial products used to clean the converter boxes. According
the Material Safety Data Sheets (MSDS), one product (BH-38) contains
2- but oxyet hanol, an irritant of the eyes and nmucous nenbranes that is
t hrough the skin.* The other product (CSD-43) contains nethylene chlc
and perchl oroet hyl ene, both of which are considered to be potenti al
occupati onal carcinogens by NIOSH  Conpany policy restricts snoking t
outside the building; therefore, exposure to environnental tobacco snt
the Van Kirk facility was not believed to be a health concern.

Enpl oyee | ntervi ews

Ten enmpl oyees were interviewed, including five nen and five wonen rancg
age from 27 to 51 years. They had worked in the repair departnment frc
to five years. The npbst common concerns anong the enpl oyees were:

1. Lack of incentives. Enployees described bonus programs in other
departnments and indicated that simlar prograns were no | onger i
pl ace in the repair departnent.

2. Lack of recognition. The mpjority of enployees interviewed felt
they received little recognition within the conpany for the inpo
of the work they do and for the skill level required for the job

3. Lack of training and pronotion opportunities.

4. Workplace conditions. Many enpl oyees reported that the work
envi ronnent was dusty; sone reported that it was warm and stuffy
Several enployees experienced headache, sinus problenms, and eye
irritation, all of which abated when they |eft work.

Many positive features relating to workplace stress were noted in inte
with both enpl oyees and managenent. There was no apparent problens w
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attendance, and turnover rates were low. In general, enployees were
confortable in bringing their concerns to managenent, felt that nmanage
responsi ve, and were pleased by managenent-initiated changes that have
occurred in the past year or two. Production |evels were nonitored cl
managenent and posted on the wall of the repair shop, but strict prodt
guotas were absent. Most enployees did not feel pressured by unrealis
producti on requirenents. Enpl oyees appeared to care about what they c
take pride in their work. Enployees have an annual performance apprai
is used to determ ne sal ary increases.

The conpany has a health and safety commttee with managenent and enpl
representation. A new program the Enployee Invol venent Program (ElIP)
on appropriate workers to discuss issues of concern to managenent.

CONCLUSI ONS

Ai rborne lead and tin concentrations in the repair shop did not repres
heal th hazard to enployees. However, sol der particul ate was observed
present on work surfaces, representing a potential exposure of workers
t hrough ingestion. |If this particulate is taken home on contam nated
such as clothing, it also represents a potential exposure to occupants
home, particularly children.

Exposures to magnetic and electric fields in the repair shop did not r
a health hazard. A discussion of recent research and the health inpli
is included in Appendix I.

The CO, concentrations indicate that the anpunt of outside air brought
the repair shop on the day of the survey nay be adequate. This may ve
however, because the sources of outside air (infiltration from door ar
casi ngs) would be subject to wind direction, weather conditions, and
adj ust mrent by occupants.

Tenperature and RH neasurenents were outside the range recomended by
ASHRAE. Al though tenperature and hum dity were not specifically nenti
enpl oyee concerns, these are comon conpl aints associated with the per
of poor air quality. Relative humdities can be increased by using ei
portable hum difier or a unit incorporated into the AHUs. Because of

of biol ogical contam nation, nechanical hum dification should only be
proper mai ntenance of the hum dification systemis provided.

Workers in the repair shop reported that the environnent was dusty. 1
which were dirty, may be responsible for the distribution of nuch of t
in the shop. The contractor responsible for naintenance reported that
not aware of a preventive maintenance programfor the AHUs in the repe
There were no signs of biological contam nation observed in the AHUs;
the condensate tray of unit C was not accessible for inspection.
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Hydr ogen chl ori de was not detected during sol dering, but organic compc
whi ch are known to cause irritation of the nmucous nenbranes were ident
potential thermal deconposition products. The six-inch fans were |im
their effectiveness at directing sol der eni ssions away from workers.
reported that the fans often directed em ssions into the breathing zor
wor kers nearby. Exposures to the soldering fume could effectively be
usi ng | ocal exhaust ventilation. During the March site visit, manager
poi nted out that the current arrangenment of workstations allows for eec
station to have a separate exhaust unit which can be operated as neede
(i.e., operated only when soldering). For this type of design, it is
i nportant that each unit be capable of capturing funes regardl ess of v
nearby units are operating. It is also inmportant that an adequate ant
make-up air be provided. The latter is best acconplished by providinc
power ed source of outside air.?®

In addition to em ssions from sol dering, workers in the repair shop we
potentially exposed to several toxic conpounds, two of which are consi
be potential occupational carcinogens by N OSH.

The findings of the investigation did not support the requestor's conc
about psychol ogical disorders in the workplace. The positive psychosc
organi zational attributes identified during interviews w th managenent
enpl oyees can hel p prevent the devel opnent of work-related stress. Sc
i ssues, however, were raised by enployees. Managenent attention to tft
i ssues would likely inmprove the | evel of enployee job satisfaction anc
positively inpact productivity. Recomendations provided bel ow (5-9)
based on well -recogni zed principles for designing jobs to reduce occug
stress and its negative consequences. '®

In addition, two deficiencies in the hazard comuni cati on program at t
facility were observed. First, enployees in the repair shop used non-
beverage containers to store the solutions used to clean the boxes. ¢
Materi al Safety Data Sheets of products used at the facility were not
avai l able at the Van Kirk location. [Item one was brought to the atter
the Van Kirk manager during the Septenber site visit. By Decenber, nt
appropriate containers had been purchased for the cleaning solutions,
pl ans were nade to obtain proper |abels. (At the tinme of the March si
visit, these | abels had not been purchased.)

RECOMVENDATI ONS

1. Eating and drinking should not be allowed in the shop, and the w
of hands by shop personnel before eating or snoking should be
enphasi zed. Care should also be taken by enpl oyees to avoid tak
home | ead contam nated objects such as cl ot hing.

2. Provide | ocal exhaust ventil at

ion in the repair shop to reduce
enpl oyee exposures to potentially irritating em ssions fromsold

n
y
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10.

11.

The two commercial products currently used to clean the converte
boxes should be replaced with products that are | ess toxic.

Modi fy the HVAC systemto provide at |east 20 cfm person of outs
air. This would help to: 1) provide a nore confortable environ
and 2) control |evels of contam nants such as dust and body odor
nore confortable work environment will also be provided by maint
tenmperatures and RHs in the range recomended by ASHRAE.

A preventive maintenance programfor the AHUs in the repair shop
shoul d be established. This should include routine inspections
AHUs, cleaning the return air plenuns, and periodic changi ng of
filters. To help assure that biological contam nation is not pr
t he condensate tray for AHU C should be made accessible to faci
periodi c inspection and cl eani ng.

Mai nt ai n open and conpl ete communi cati on with enpl oyees when wor
changes are planned. For exanple, enployees are pleased by effo
expand workers' skill through cross-training but are di sappointe
sl ow i npl ement ati on of the plan. Managenent shoul d keep enpl oye
i nformed about exactly how they plan to inplenent the plan and a
t hem of problens as they arise.

Provide all enployees with adequate notice of job opportunities
the repair departnment and in other departnments throughout the co

Informall enployees of the requirenments and benefits associ ated
t he conmpany program for rei mbursenment of educati on expenses.

Uilize the Enpl oyee Involvenent Programto address issues raise
enpl oyees as well as those identified by nmanagenent.

Provi de positive feedback to enpl oyees about their work and i npl
a programto recognize the contribution of enployees to the conp

Fulfill all requirements of the OSHA Hazard Comruni cati ons Stand
(29 CFR 1910.1200). This includes the proper |abelling of conta
and maintaining an MSDS file in an area accessible to enpl oyees

Van Kirk site, that includes all conmpounds or products used at t
facility.
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the date of this report fromthe NI OSH Publications Ofice, 4676 Col ur
Par kway, Cincinnati, OH 45226. To expedite your request, include a se
addressed mailing | abel along with your witten request. After this t
copi es may be purchased fromthe National Technical Information

Service (NTIS), 5285 Port Royal Rd., Springfield, VA 22161. Informati
regardi ng the NTIS stock nunmber may be obtained fromthe N OSH Publice
O fice at the Cincinnati address. Copies of this report have been ser
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2. Manager, Warner Cabl e Comruni cati ons
Van Kirk | ocation

3. Di rector of Human Resources

War ner Cabl e Conmuni cati ons
4. OSHA Regi on Five

For the purpose of inform ng affected enpl oyees, copies of this report
be posted by the enployer in a prom nent place accessible to the enplc
a period of 30 cal endar days.



Table 1
I ndoor Air Quality Data
War ner Conmuni cati ons

Cincinnati, Ohio
Decenber 18 1991

HETA 91- 390
Location | Tine CO, Tenp RH (% No. of
(ppm (F) Cccupant s
1 0930 775 74 18 1
1445 775 75 17 2
2 0932 825 77 16 0
1448 850 76 18 2
3 0935 825 78 17 1
1450 750 77 16 1
4 0945 900 79 15 1
1452 750 79 15 1
5 0948 850 77 15 2
1457 775 78 16 0
6 0950 875 78 15 1
1455 650 79 14 0
7 1000 850 77 15 1
1500 650 76 14 1
8 1015 900 75 17 1
1502 650 76 16 1
9 1010 375 29 44 0
1505 375 32 34 0

The nunbered | ocations correspond to those nunbered | ocations pr
in Figure 1
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APPENDI X |
War ner Conmuni cati ons
Ci ncinnati, Chio
HETA 91- 390

EVALUATI ON OF ELECTROVAGNETI C FI ELDS AT
THE VAN KI RK FACI LI TY OF WARNER CABLE

C. EUGENE MOSS AND DON BOOHER
BACKGROUND

The Warner Cabl e Communi cation Conpany facility, |located at Van Kirk ¢
is designed for electronic personnel to repair converters boxes, for
its clients. In performng this work repair personnel can be exposed
several types of electronic devices that produce el ectromagnetic fielc
as television sets, soldering equipnment, |anps, video display term nal
cable TV converters. In addition, the facility has a m crowave transr
and receiver tower |ocated approximately 50 mfrom the converter repai
shop (CRS). The tower transmts at 12.7 to 13.2 G gahertz (GHz). The
schematic for the CRS at the Van Kirk facility is shown in Figure 1-A

MATERI ALS AND METHODS

The eval uation was designed to survey workers' actual exposures to bot
el ectric and nagnetic fields while they perforned their repair and
refurbishing tasks. The limted nunber of measurenents taken in and ¢
the facility were not intended to represent an in-depth eval uation of
radiation fields at the site, but were intended to approxi mate occupat
exposure | evels found on the days of measurenent.

Wor kers' exposure to various fields were neasured using the foll ow ng
equi prment :

A Hol aday I ndustries, Inc. nodel HI-3602 ELF Sensor, connected to ¢
HI - 3600 survey neter, was used to docunent both the magnitude of

60 hertz (Hz) electric and magnetic fields and the electrical freqt
(as well as the waveforns) produced by such fields. The electric
field (E-field) strength can be measured either in volts per neter
or kilovolts per meter (kV/m. The magnetic field strength (H-fiel
be expressed in units of mlIligauss (NG .

Measurenments were made with the EVMDEX Il exposure system devel opec
Enertech Consultants, under project sponsorship of the Electric Pou
Research Institute, Inc. The EMDEX Il is a progranmmabl e data-acqui
met er whi ch nmeasures the orthogonal vector conponents of the nagnet
field through its internal sensors. Measurenents can be made in tt
i nst ant aneous read or storage node. The system was designed to nee
record, and anal yze power frequency magnetic fields in units of nG
frequency range from 30 to 800 Hz.
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Aver age magnetic fields were docunented by use of the AMEX-3D expos
meter. This small, lightweight three-axis magnetic field neter car
worn by a worker to nonitor average magnetic field exposures. The
stores an electrical charge, proportional to the time-integral
of the magnetic field frequency, which can then be read-out and cor
into field exposure or into average magnetic field. The AMEX-3D fr
response is from35 to 1000 Hz. The AMEX-3D exposure neter is
manuf act ured by Enertech Consultants, in Canpbell, California.

Measurenments of the m crowave field produced by the tower was made
Narda El ectromagnetic Radi ati on Monitor Model 8616 and a Narda | sot
Probe Model 8621D. The probe is designed to nmeasure m crowave rad
in the frequency range fromO0.3 to 40 GHz. The | owest neter indice
|l evel (LML) for this nonitor/probe conmbination is 0.01 mlliwatts
square centinmeter (mWcn?).

Hol aday | ndustries Moddels HI -3600-01 and HI -3600-02 survey neters \
used to docunent the electric and magnetic fields in the VLF and El
frequency bands produced by TV sets and video display term nals (VI
were | ocated on various worktables in the CRS. The instrunents al:¢
provided for the ability to neasure the frequencies of emtted radi
Measurenments were made at | ocations where repair personnel worked ¢
t he day.

E-field induced body currents were nmeasured by applying a conducti\
wri stband to the arm of the operator. The wristband was connected
i nput term nal of a Fluke nodel 8060A digital multinmeter, in the

m croanpere (MA) neasurenment node, while the other test | ead was c¢
to the chassis of the VDT taken to be ground potential. It has bee
from previous NI OSH eval uationsi*2 that the highest induced current
typically induced in workers using TV and VDT equi pment occurred w
entire hand was placed in contact with the screen surface.

ELF electric and magnetic fields results were docunented with EMDE
and Hol aday systenms in the CRS. The EMDEX units were worn in pouct
five selected workers at wai st height (about 3.5 ft) fromthe floor
AMEX units were positioned at various |ocations within the repair ¢
In addition, a limted nunber of area neasurenents were made with t
Hol aday nonitors at selected work | ocations inside the facility. ¢
measurenents were made during daylight hours at waist height. \Wher
possi bl e, at |east two readings were taken at each neasurement site
t he Hol aday nonitors and the average readi ng recorded.

Measurenments with the NARDA nonitor/probe systenms were nade in fror
the tower, inside the repair shop, and at the four corners of the \
facility. The neasurenments were performed at two different tinmes.
measurenents were found to be less than the LML |evel of any
noni t or/ probe conbi nati on.
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All systens were calibrated either by NIOSH or the manufacturer wt
six nonths of the date of this evaluation.

EVALUATI ON CRI TERI A

The Anmerican Conference of Governnmental |ndustrial Hygienists (ACG H)

publ i shed Threshold Limt Values (TLVs) for sub-radi of requency electri
magnetic fields.[3 The TLV for magnetic fields states "routine occupa
exposure shoul d not exceed:

By = 60/f ml
where B is the magnetic flux density in units of mllitesla (ml), f is
frequency in hertz." Conversely, the electric field TLV states "occuf

exposures should not exceed a field strength of 25 kV/mfromO to 100
For frequencies in the range of 100 hertz to 4 kHz, the TLV is given L

Eny = 2.5 x 108f V/m

where f is the frequency in hertz. A value of 625 V/mis the exposure
for frequencies from4 kHz to 30 kHz."

This nmeans, for exanple, at 60 hertz (Hz), which is classified as extr
| ow frequency (ELF), the electric field intensity TLV is 25,000 volts
meter (V/m and the magnetic flux density TLV is 1 nil which equals 10,
At 30 kilohertz (kHz), which is classified as very |low frequency (VLF)
electric field intensity TLV is 625 V/mand the magnetic flux density
20 nG.

The basis of the ELF E-field TLVis to mnim ze occupational hazards ¢
from spark di scharge and contact current situations. The TLV for the
flux density addresses induction of magnet ophosphenes in the visual sy
production of induced currents in the body.

Recently, the Institute of Electrical and Electronics Engi neers, adopt
contact current limt for the frequency range from3 to 100 kHz of 10C
where f is the frequency in MHz.[4

RESULTS

A total of 14 AMEX dosinmeters were nmounted in pouches and taped to the
at selected locations in the CRS (see Figure 1-A), at a height of 4.5

above the floor. The AMEX dosineters were left at their |ocations for
six hours. The magnetic fields docunented in this evaluation ranged f
low of 0.6 nmGto a high of 7.6 mG. The average for all 14 dosinmeters

was 3.6 mG. The maximum | evel occurred at a site above one of the wor
and the mnimal |evel was recorded next to a storage area. Eight of t
dosi meters were placed above work tables and six were placed at other

| ocations. The average of the eight work table dosimeters was 3.5 nG
the six non-work sites was 3.7 nG
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The six EVMDEX dosineters, worn by workers, gave simlar results as thc
recorded by the AMEX dosinmeters. The 6-hour average results for worke
ranged from 1.03 to 8. 73 mG  Figures 2-A through 6-A show the time-ir
distribution for these dosineters. One of the dosinmeters was placed ¢
in an office manned by three workers and is not shown. The average ve
recorded for this dosinmeter was 0.91 nG

It is apparent from Figures 2-A though 6-A, that the nature of work pe
in the CRS can produce very variable magnetic field exposures. The dc
time-intensity graphs, recorded by job titles, suggest consi derable ve
of exposure with tine as workers nove in and out of proximty to varic
el ectrical devices that can operate over a wi de frequency range. 1In
eval uating these types of assessnments it nust be kept in mnd the strc
spatial variation of the magnetic fields as well as the fact that work
perform more than one work task a day.

Figures 2-A through 6-A have sonme uni que characteristics that need to
mentioned. In general, there does not appear to be any consistent pat
work which results in extrenely high exposures, although there is sone
to sone of the data.

Fig 2-A
The two hi ghest peaks occurred around the noon break when worker we
wearing the dosineter outside the CRS.

Fig 3-A
Pattern of exposure denonstrates a quasi-repetitive nature typical
repair work.

Fig 4-A
Low | evel s except for two peaks that occurred in short tinme.

Fig 5-A

Consi st ent exposure during day except for two peaks. The small est
occurred around m d-day break, and the highest peak, oddly enough,
occurred at the sane tine as one of the peaks in Fig 4-A.

Fig 6-A
Pattern of exposure denonstrates a quasi-repetitive typical of reps
wor K.

Wavef orms were anal yzed at several sites in the repair room Severa
di fferent waveforns were captured by the Holaday nmeter and displayed c
digital oscilloscope and found to be of the normal sinusoidal varying
types. Waveform patterns fromthe television sets were found to be sc
nore conpl ex.

The results of ELF/ VLF neasurements made on VDTs and TV sets at worker
| ocations are shown in Table 1-A. All occupational ELF/ VLF electric ¢
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magnetic field levels fromthese devices were bel ow ACA H exposure lir
addition, induced currents limts were not exceeded for any of the soi
listed in Table 1-A

Levels of ELF electric fields, as nmeasured along the md-line of the (
range from0.9 to 4.8 V/mand are bel ow occupational limts promul gate
ACGl H.

DI SCUSSI ON AND CONCLUSI ONS

Tabl e 2-A shows the range of all electric and nmagnetic fields nmeasurec
Van Kirk facility in the course of this evaluation. Exam nation of tt
measured electric and magnetic field strength values obtained in this
eval uati on shows that in no instance do either the VLF, ELF, or mcrov
fields (or contact current levels), as nmeasured at occupationally inpc
| ocations in the CRS, exceed applicable exposure limts on the day of
measurenent. Based on these findings, it is concluded that occupatior
exposure to various electric and magnetic fields at Warner Anex are
substantially less than the currently accepted exposure limts.

The results fromthis evaluation at Warner Cable could be conpared to

reported on ELF neasurenents performed in a mcroel ectronics fabricati
facility.[® In that study, magnetic field | evels neasured in the work
aisles ranged fromO0.2 to 7.0 nG and electric field | evels ranged fror
5.0 VVm It was also noted that the magnetic fields were | arger near

el ectronic devices. Also it was reported that these magnetic fields f
qui ckly dependi ng upon the size of the el ectronic device.

This evaluation, as with all previous ELF eval uations performed by NIC
denonstrated that magnetic field exposure levels were significantly hi
near the ELF sources than they are at distances away. Wile this drog
pattern of magnetic field as a function of distance does exist, the re
not obey an inverse square law relationship. |t has been previously s
that magnetic field near |arge devices (TV sets, transfornmers, etc.) v
drop-off nore slowmy than fields produced by snaller devices (swtches
etc). This observation is based on the fact that |arge devices have r
extended space (volume) for the electric current to nove in than does
devi ces-and hence a slower drop-off rate. Since magnetic fields can c
qui ckly, it becones inportant to docunent distances workers are | ocate
ELF sources in order to suggest practical occupational exposure measur
Electric field levels in the ELF frequency region apparently do not he
same drop-off characteristics.

VWil e all average field |l evels docunented in this evaluation were rele
low, it is noted that Figure 4-A and 5-A show nonentary el evated peaks
| east 200 nG and as high as 865 mG. In keeping with the phil osophy of
"prudent avoidance," it is suggested that a review of work practices t
performed for technicians to elimnate or nodify those procedures whic
result in short-termelevated magnetic field | evels.
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TABLE 1-A

CHARACTERI STI CS OF EMF SOURCES FOUND AT WORK
STATI ONS | N REPAI R ROOM

WARNER- AMEX CABLE

HETA 91- 390
FEBRUARY 5, 1992
MAXI MUM MAXI MUM MAXI MUM DI STANCE CONTACT
FREQUENCY VLF FI ELDS ELF FI ELDS MEASUREME CURRENTS
SOURCE RANGE NTS (HA)
(kHz) E (VIm H (G E H MADE (cm) AT SCREEN
(\glm que CONTACT
TELEX 078 VDT 23 0.8 0. 20 0.5 0.2 30 0.9
#17
GE TV SET 15.9 1.1 0.02 34.4 0.8 30 14.0
# 1
TELEX 07 VDT 25. 6 0.7 0. 05 2.1 0.3 60 8.3
#16
SONY TV 15. 8 1.6 0.21 6.4 3.6 100 2.6
# 6
GE TV 15.5 1.7 0. 22 14 2.7 75 3.8
# 5
? TV 4.5 0.6 0.33 2.5 3.3 75 1.7
#10
GE TV 4.5 4.1 0.03 10 3.5 75 1.4
#11
GE TV 4.5 3.0 0.23 24.8 1.2 75 6.2
#14
G- L - - - - - - 7 30 31 - -
( SOLDERI NG
BOX)

(a)

EVERY WORK

STATI ON HAS A DI FFERENT TV SET



TABLE 2- A
RANGE OF EMF MEASURED | N EVALUATI ON

WARNER- AMEX CABLE

HETA 91- 390
FEBRUARY 5, 1992
EMF FI ELD MEASUREM
MEASURED LOCATI ON ENT LEVEL
| NSTRUVE
NT
MAGNETI C - ELF WALLS/ DESK AMEX 0.6 7.6 G
( AVG)
MAGNETI C - ELF WORKER WAI ST ENDEX 1.03 8.73 nG
( AVG)
MAGNETI C - VLF TV & VDT HOL ADAY 0.02 0.33 nG
ELECTRIC - VLF TV & VDT HOLADAY 0.7 4.1 Vim
MAGNETI C - ELF TV & VDT HOL ADAY 0.2 30 nG
ELECTRIC - ELF TV & VDT HOL ADAY 0.5 34.4 VIm
CURRENTS TV & VDT VOM 0.9 14 pA
ELECTRI C - ELF M D- LI NE Al SLE HOL ADAY 0.9 4.8 VIm
M CROWAVE | NSI DE & OUTSI DE NARDA N/ D
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